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DISCUSSION ON THE TESTS OF RENAL FUNCTION.!
Sir JOHN THOMSON-WALKER. Two criteria will govern the selection of the tests of the renal function (1) Ease of application.
(2) Reliability. It is impossible, of course, that ease of application will bolster up the use of an unreliable test for very long, or with any observer who is prepared to approach the subject with an open mind. But where two tests are of approximately equal value, that which is more easily applied will be more readily and widely adopted. Reliability is the final criterion by which all the tests must be judged, and it is on this that all the tests of the renal function hold their place or fall out.
Most of the speakers have concentrated their attention on two classes of test, namely, the colour tests and the urea tests. Before passing to discuss these I shall note two tests that have received less attention, namely, the electrical conductivity of the urine and blood and the diastase test.
The electrical conductivity of the urine test labours under two disabilities: A delicate electrical mechanism is required for its performance, therefore it is not easy of application; and, secondly, it is quite unreliable. The electrical conductivity of a fluid such as the urine or blood depends upon the molecular concentration of the fluid. In addition to this method there are others by which the molecular concentration of the urine and blood is measured, such as the estimation of the freezing point (kryoscopy) and measurement of the specific gravity.
In the early days of renal function tests these methods were much in use, and I have worked with all of them. But it soon became apparent that the molecular concentration of the blood was constant under the most varying conditions, and that of the urine varied within wide limits under quite normal conditions; so that neither examination of the urine or of the blood taken separately was of any value as indicating the renal efficiency. Nor did the combination of the two under the name of the hnmo-renal index give accurate results. So the method was abandoned as worthless. No new work in regard to this test has been produced, and a mere expression of confidence has not sufficient weight to revive it at the present time.
The diastase test has only received support from one speaker. The chief difficulty in this test is the want of reliable figures of the normal limits of variation. Until more work is done in this direction, the test must take a second place.
Adjourned from the meeting of November 24, 1921 . See Proceedings, 1922 Colour Tests.
Two colour tests have been discussed, namely, indigo-carmine and phenolphthalein, and they represent two different principles in colour testing of the renal function.
INDIGO-CARMINE has received a large measure of support from several observers. This was one of the earliest of the colour tests used. The time of appearance and the depth of colouring of the urine with the dye are the points by which the renal function was measured. The dye is only partly excreted by the kidneys. The great advantage it possesses is that it produces a colour easily recognized on cystoscopic examination of the ureteric efflux (chromo-cystoscopy), and catheterization of the ureters may thus be avoided. By this means an occasional fallacy is excluded, namely, temporary reflex suppression on the catheterized side. Delay in the appearance of the dye is only important in my experience if it is combined with a diminished excretion. A delayed excretion followed by a deep coloration is not of any importance as an indication of renal inefficiency. If the kidneys are very seriously diseased, the indigo-carmine test will demonstrate it by delay and diminished excretion. But I have not found it reliable in demonstrating moderate degrees of renal inefficiency. For demonstrating complete absence (congenital) or advanced destruction of one kidney, the indigo-carmine test is one of the first I should choose on account of its simplicity and rapidity, and the fact that it may be used without catheterization of the ureters.
,For variations between the extremes, we have no method of precise measurement or means of record. Further, the time of appearance depends upon the dilution of the dye. Any condition which produces diuresis will delay the coloration of the urine and diminish its intensity. The diuresis may be quite independent of repal disease, and it is well to remember that unilateral polyuria may be produced by such causes of irritation as a small stone in the renal pelvis or ureter without any permanent damage to the kidney.
PHENOL-PHTHALEIN is used on quite a different principle. A known quantity of dye which is only excreted by the kidney is introduced into the circulation, and the quantity excreted and the duration of excretion measured accurately by a colorimeter and expressed in percentage of the original quantity of dye introduced. This aims at a much more accurate method of testing than that to which one can aspire with the indigo-carmine test.
Has this method of colour testing proved reliable? None of the speakers who have discussed phenol-phthalein have said anything in its support. One of the reasons for this is, I believe, that most of the speakers in this discussion have commenced the study of the renal function since the war, and have had to use quite inferior preparations of phenol-phthalein. After the war I found that much of the phenol-phthalein supplied for testing was worthless, and gave no colour in the urine at all. This was at first ascribed to the use of inferior glass used for the ampoules, but eveatually it became clear that the English chemists could not manufacture a drug similar to that produced in Germany. But even with the best phenol-phthalein there is a margin of error. Until the manufacture of this dye is more carefully standardized, I do not see any likelihood of confidence in it being restored; It would, however, be regrettable if We abandoned altogether the attempt to measure in this accurate way the changes in the renal function and fall back on the more rough and ready methods.
But when all is said and done, the dye tests depend on an assumed parallelism between the excretion of nitrogenous bodies in the urine and certain dyes. This parallelism is open to dispute, and I have been surprised that none of those working at the subject have thought fit to challenge it. Urea Tests. I will now turn from the colour tests to the group of urea tests. The old method of estimation of the percentage of urea in a twenty-four hours' specimen under known conditions of diet and rest, and repeating the observations in series or at intervals, has much to recommend it, and should always have a place in the records of a urinary case.
Urea Concentration Test.
A large dose of pre-formed urea is administered by the mouth; as a result, the blood becomes overloaded with urea, and the ability of the kidneys to excrete this urea is taken as a test of the renal function. Urea was employed for this purpose a number of years before Professor MacLean adopted it. Professor MacLean uses the percentage excretion of urea as the criterion of the renal function, and it is this form of the urea test that has been discussed by all those who have taken part in the debate.
In order that the percentage reading of the urea may have value as an index of a diseased renal function, we must assume that the two factors which influence it adversely, namely a diminished quantity of urea or an increased quantity of water, are controlled solely by disease of the kidneys. It is well known that one of the factors, namely the variations in the quantity of water, is sometimes due to normal conditions, sometimes due to disease of the kidneys and sometimes due to extrarenal disease. The difficulty arises only where there is an increase in the quantity of fluid (polyuria). Professor MacLean limits the diuresis to 120 to 130 c.c. of urine in the hour. If the diuresis is over this and the percentage of urea under 2 per cent., {'the renal condition is not very satisfactory." I saw a patient with a stone in the lower ureter; there were pronounced polyuria (80 to 100 oz. in twenty-four hours), a few tube casts and a trace of albumin in the urine. The question was raised whether renal disease was present and would contra-indicate operation. Removal of the ureteral calculus was followed by a drop in the quantity of urine to normal and the disappearance of the casts and albumin. The urea concentration tests would have confirmed the erroneous diagnosis of advanced nephritis in this case. As a matter of fact in this type of case we could get quite as much information by the use of the estimation of the urea percentage in a twenty-four hours' specimen repeated on several occasions and without the use of the urea concentration test at all. This question of diuresis is obviously the weak point in the percentage method and unfortunately it is just in such difficult cases that we most require its help. On the whole, we may regard this test as giving valuable assistance in estimating the renal function and from its simplicity it will undoubtedly be very widely used. But we must recognize that its claims to accuracy are seriously impaired by the reservation necessary in regard to diuresis.
Urea Elimination and the Reserve Renal Function. There is another aspect of the urea elimination tests that I had hoped would be investigated by some of those working at these tests. It has been a recognized fallacy all through the history of the renal function tests that the kidneys do not under ordinary conditions work up to their full value. The potential function is well over 50 per cent. of the total function. Now any method that would measure this would help us in deciding the question of operation in doubtful cases and in prognosis where we are dealing with a progressive disease.
Albarran tried to measure this reserve by noting the influence of diuretics on the curve of the renal function tests used in his day. He found that the diseased kidney had a function that remained persistently at a certain reduced standard while the normal kidney reacted readily to stimuli which increased its function.
If we take urea as the test of the excretory power of the kidney the problem we have to solve is how high we can force the elimination of urea by the normal and by the diseased kidney. Can we measure this forced urea elimination accurately by estimating the percentage in the urine ? With the admitted inaccuracies of the method, I do not think we can, and we must fall back on some such modification of the method as the plotting out of a curve of forced urea excretion quite apart from the percentage composition of the urine.
The important points in such a curve are the time taken for the kidney to react to the stimulus as shown by the commencement of the curve; the rapidity with which the reserve power of the kidney is brought into action as shown by the steepness of the rise; the amount of renal reserve as shown by the height of the curve and the rapidity of return to the average function.
Experience will show whether intravenous injection will supersede administration by the mouth. Blood Urea.
The estimation of the blood urea would, at first sight, appear to supply all the information required for an estimate of the renal function and should any further information be required, the production of a balance sheet between the urine urea and the blood urea might be expected to provide it. There are, however, two important factors that have to be reckoned with:
(1) The unknown reserve power of the kidney to excrete urea.
(2) The supply of nitrogenous material added to the blood. It is our experience in using the blood test that no increase in the blood urea is found until destruction of a large part of the renal tissue has occurred, The appearance of an increase in the blood urea marks the point at which the reserve power of the kidney has been destroyed. From this time on, the full power of the kidney to excrete can be measured by estimating the urine urea. Now this is an advanced stage of disease and as a rule the symptoms of renal failure are so pronounced at this stage as to require no confirmation.
There are however some cases in which the symptoms of uromia at this stage are very slight or entirely absent and the case is obscure until the discovery of increased blood urea is made, and there are other cases in which symptoms are present but they are indistinguishable from other forms of disease and the discovery of a high blood urea clears up the diagnosis. In these cases an estimation of the blood urea is of the utmost value.
In a patient from whom I had removed half a horse-shoe kidney for tubercle, seven years previously, there was cystitis. without other symptoms, I cystoscoped him under an anesthetic. The examination was followed by persistent vomiting and then the patient became comatose. The quantity of urine remained normal or slightly under and there was between 1 and 2 per cent. of urea. The blood urea was raised to four times the normal amount and an excess of urea was found also in the spinal fluid. The condition was then shown to be due to uraemia following the anesthetic and examination.
In another case I had removed the prostate, after much hesitation on account of an old aortic aneurysm and a very flatulent bowel condition. The patient suffered from extreme lassitude after the operation but the symptoms of uroemia were very slightly developed; there was moderate thirst and disinclination for food. Vomiting occurred twice in fourteen days and the tongue was moist. An average of 40 to 50 oz. of urine were secreted with 1-5 per cent. of urea. The blood urea was 262 mgr. per 100 c.c. He died comatose three weeks after the operation without developing further symptoms of urtemia.
A high blood-urea may coincide with a high urine-urea percentage. This reduces the value that we attach to the blood-urea estimation as a measure of the renal function. It has been suggested that the excessive quantity of urea in the blood causes a leakage through the kidney. If it did so then all the value of the urea tests of the renal function would disappear, for who could say where secretion ended and leakage began? There is, however, no proof that any such leakage occurs. Such accumulation in the blood is more likely to be due to an increased supply than a diminished output.
The effect of diet on reducing the blood urea as noted by MacLean shows how very carefully the blood-urea figures should be scrutinized before being accepted as indicating renal inefficiency. Urea Concentration Factor. Professor MacLean presents a urea concentration factor obtained by dividing the urine-urea figures by the blood-urea figures and apparently further modifications of the factor are in contemplation.
Personally I am opposed altogether to the use of factors and formulae. We have suffered a good deal from them in testing the renal function. In the early days we had the Koranyi formula which was a complicated form'ula, invented to express in a single figure the kryoscopic examination of the urine and the estimation of the chlorides, corrected in many ways. Then we have had the Ambard constant dealing with the urea content of the blood and urine. Now we are threatened with the MacLean factor and others may follow.
It is a legitimate question to ask, for whose use are these formulie intended ? Speaking as a surgeon I may say that it means little to me to be told that the urea concentration facter is 60 or 30. I gain much more clinical knowledge from a report that states in plain terms the amount of urea in the blood and that in the urine.
In making any test of the renal function in urinary surgery, whether for the combined function of the kidneys or for the function of one kidney, it must be remembered that a temporary depression of the renal function may be superadded to a permanent reduction of the function. Thus the lowered index of the renal function in a case of enlarged prostate with residual urine, may be partly due to the immediate effect of the back pressure at the time of the test, and partly to destruction of renal tissue. In the same way the function of the second kidney in a case of pyonephrosis is depressed by the excretion of toxins and by the reno-renal reflex exerted by the diseased kidney. The proportion of the reduction that must be assigned to temporary depression, and that to permanent reduction, cannot be measured by the renal function tests before surgical intervention has removed the cause of temporary depression. Here surgical experience is the best guide.
All the speakers who have discussed the urea tests appear to have assumed that the urea excretory function of the kidney represents the entire renal function. The urea retention type of renal disease is the type of renal failure that we see in surgical diseases of the urinary tract and by the urea tests we hope to investigate the work of the kidneys in relation to this, admitting at the same time that uraemia is not due to urea retention but to some parallel condition.
But when we turn to another of the great renal functions, that of chloride excretion, and try to investigate chloride retention the question at once ariseg, what is the value of the urea tests in estimating the chloride retention type of kidney disease? In a Section in which physicians and surgeons are combined, this subject, surely, ought to have been fully discussed.
Mr. SYDNEY G. MACDONALD, F.R.C.S. I propose to state briefly the conclusions at which I have arrived after some twelve years' experience of the various functional tests. These naturally fall under two headings (1) The general renal functions in operations on the lower urinary passages, taking prostatectomy as a type.
(2) The efficiency of the sound kidney in nephrectomy.
(1) The General Renal Function in Prostatectomy.-I have passed through the various phases from the earlier colour tests to the more recent chemical tests, viz., the urea concentration of the blood and the urine. As quantitative tests the dyes were not a success, methylene blue being too laborious and phthalein open to too many inaccuracies. As time tests I have used both phthalein and indigo-carmine, but have long since come to the conclusion that the clinical findings are more important than any dye-test, and, in fact, doubt hot far any one functional test should influence us in, for example, delaying the second stage of a prostatectomy, provided the clinical condition is satisfactory. It sometimes happens, for instance, that one has no anxiety about proceeding to the second stage until it is found that the blood urea is higher than one would wish. For some time I relied on the clinical manifestations alone, and I am still of opinion that the factors which lead to successful results are (a) experience in dealing with this type of case; (b) due recognition of the signs and symptoms of renal insufficiency; (c) ca'reful preliminary observation of the. patient (daily secretion of urine, urea excretion, temperature, bloodpressure, &c.); and (d) personal, preliminary and after-treatment. These are far more important than any functional test and I have not allowed the test to veto operation against my own judgment. I think my own prostatectomy results support this conclusion; for instance, in the last fifty cases in my private practice I have had only one death a;nd that not a renal death. In this series, eleven were two-stage operations; several were actually ura3mic when I first saw them, but by careful preliminary treatment (forced hydrotherapy with a retained catheter) the patients were steered successfully through a twostage operation. Latterly, I have made use of the urea concentration test of the urine, which on account of its simplicity and also beoause it corresponds
